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Introduction

1
Earlier studies found that many healthy athletes experience exercise induced arterial hypoxemia in a normoxic environment [1] . This finding is indicating that the lungs may be a limiting factor [2] . Exerciseinduced arterial hypoxemia (EIAH) is known to occur in be approximately 50% of endurance athletes and developed especially at high exercise intensities [2] [3] [4] . EIAH is manifested as a reduced partial pressure of arterial oxygen (PaO 2 ) or as a reduced saturation of hemoglobin in some athletes [2] . PaO 2 is reduced below resting levels due to an excessive widening of the alveolar to arterial oxygen difference. A diffusion limitation and inadequately hyperventilation have been cited as the cause of the excessively widened arterial oxygen difference during exhaustive exercise [2, 5] . Reductions in arterial oxyhemoglobin saturation (SaO 2 ) below resting levels are usually due to a combination of a reduction in PaO 2 , metabolic acidosis and increasing body temperature induced shifts to the right in oxygen-haemoglobin dissociation curve [2, 5] .
SaO 2 , which depends mainly on gas exchange and characterized by the oxygen-hemoglobin dissociation curve, is a determinant of the oxygen supply to contracting skeletal muscle. Decreases in arterial content of oxygen result in decreases in SaO 2 and, subsequently, systemic oxygen transport and maximal oxygen uptake are negatively affected [6] . EIAH contributes to local muscle fatigue [7] . Development of EIAH has been observed to be more common among athletes with high maximal oxygen uptake (VO 2max > 60 ml/kg/min) [2-4, 6, 8] . It has been shown that preventing reductions in SaO 2 via a small increase in the fraction of inspired oxygen (FIO 2 ) increased VO 2max and exercise time to exhaustion in most subjects [6, 9] .
EIAH defined as a decrease in SaO 2 of greater than 4% from rest [2] . On the other hand, EIAH can be classified as mild (93-95% SaO 2 ), moderate (88-93% SaO 2 ), and severe (< 88% SaO 2 ) [2] . The mechanism underlying of EIAH are still unclear. Several mechanisms have been proposed to explain the phenomenon of EIAH, including inadequate alveolar hyperventilation related to training adaptation, ventilation-perfusion mismatch (VA/Q), oxygen diffusion limitation based on low pulmonary capillary blood transit time or interstitial edema and intraand extra-pulmonary shunts or an interaction among these factors [2, 10, 11] .
Previous research using pulse oximetry indicated that EIAH is more common in aerobic trained individuals and not appear in untrained healthy males [3, 4, 12] . Studies examining EIAH have primarily focused on aerobic trained individuals [4, 8, [12] [13] [14] [15] [16] [17] [18] . Interestingly, no studies have examined the EIAH in anaerobic trained athletes. The purpose of this study was to examine and compare the occurrence of exercise-induced arterial hypoxemia in aerobic and anaerobic trained athletes during an incremental treadmill exercise test.
Material and methods
Participants
International level twenty-two male junior skiers including ten cross-country skiers (mean ± SD; age 17.2 ± 1.7 years, height 170.2 ± 5.2 cm, weight 60 ± 6.9 kg) and ten alpine skiers (mean ± SD; age 17.2 ± 2.2 years, height 175.6 ± 3.7 cm, weight 67.3 ± 9.1 kg) from the Turkey national team took part in the study. Erciyes University Medical Faculty Ethics Committee approved the study (217/554). All testing procedures were fully explained, and written informed consent was obtained for each subject. All measurements took place at the High Altitude and Sports Science Research and Implementation Center at Erciyes University.
Incremental exercise test Incremental exercise test was performed on a motorized treadmill (h/p/Cosmos Quasar med, Nussdorf-Traunstein, Germany). Oxygen uptake (VO 2 ), carbon dioxide output (VCO 2 ) and minute ventilation (VE) were measured online using a breath-by-breath cardiopulmonary exercise testing system (Quark PFT Ergo, Cosmed Srl, Rome, Italy). Before each test, ambient conditions were measured and the gas analyzers and turbine flowmeter were calibrated with known certified gas concentrations (16 %O 2 , 5 %CO 2 , and balance N 2 ) and a 3 L calibration syringe, respectively, following the manufacturer's instructions. During the incremental testing period, heart rate (HR) was monitored continuously using a wireless HR monitor (S610i, Polar, Finland) and was synchronized to ventilatory signals. Breath-by-breath data was smoothed using a five-step average filter and then reduced to 15 s stationary averages.
To make sure the athletes were properly warmed up, prepared, and accustomed to the treadmill, each athletes had to warm up for 6 min at their own pace. Then the athletes were allowed to stop and stretch for about 3 min. Following the warm-up, athletes started running at 7 km/h with speed increments of 1 km/h (at constant 5% incline) every minute until they could no longer keep pace. The athletes were instructed to run until voluntary exhaustion, and given strong verbal encouragement throughout the test to elicit their best performance.
The VO 2max was defined as the highest 15 s VO 2 value reached during the incremental test. Achievement of VO2max was considered as the attainment of at least two of the following criteria: 1) a plateau in VO 2 despite increasing speed, 2) a respiratory exchange ratio (VCO 2 / VO 2 ) above 1.10, and 3) a HR within 10 beats per minute of age-predicted maximum HR (220 -age). The VO 2max value was expressed as a relative value (milliliters per minute per body mass; ml kg
). Test time was recorded as the time from the start of the run until the point of exhaustion. Ventilatory equivalent for O 2 (VE/ VO 2 ) and CO 2 (VE/VCO 2 ), maximal minute ventilation (VE max ) and maximal respiratory exchange ratio (RER max ) were express as the highest 15 s average value obtained during the last stage of the incremental exercise test.
SaO 2 was assessed continuously and recorded every 15 s during the incremental exercise test, using a finger pulse oximeter (Spiropalm 6MWT; COSMED, Rome, Italy). For most accurate readings, the sites were vigorously cleaned with alcohol and gauze pads. EIAH was assumed to have developed when SaO 2 decreased by at least 4 % (ΔSaO 2 ≤ − 4 %) from the baseline values [2] .
Statistical analyses Data are reported as means ± standard deviation (SD). Statistical significance was accepted at p < 0.05. The normality of the data was examined by assessing the Shapiro-Wilk test on all measured variables. SaO 2 data were not normally distributed and so comparisons between the groups were made using the Whitney-U test. As the other data showed normal distribution, the differences in measures between groups were evaluated by unpaired t-test. To allow a better interpretation of the results, effect sizes were also calculated using Cohen's d [19] . Effect sizes were interpreted as negligible (d ≥ 0. Table 1 shows the athletes' responses to incremental [2] [3] [4] 6] . We questioned whether EIAH occurs in anaerobic trained athletes who have lower VO 2max than aerobic trained athletes. Our results indicated that EIAH occurs in both aerobic and anaerobic trained athletes with varying aerobic capacities. VO 2max , VE, maximal running speed and test time were higher in the cross-country skiers than in the alpine skiers, reflecting the cross-country skiers have higher aerobic fitness levels. On the other hand, lowest SaO 2 values were not significant difference between in two groups during the incremental exercise test. These findings suggest that although cross-country skiing and alpine skiing require different physical demands and aerobic fitness levels, they may exhibit similar EIAH during the incremental treadmill exercise.
Results
Previous studies have demonstrated that inadequate hyperventilation, pulmonary diffusion limitation and ventilation-perfusion mismatch contributed to EIAH [2, 5, 10, 11] . Most studies have reported that EIAH can occur in only endurance trained individuals with VO 2max greater than 60 ml kg -1 min -1 [2-4, 6, 8] . It has been also demonstrated that training-induced increases in VO 2max were accompanied by EIAH [1, 20] . Interesting is the observation that EIAH is not occur in all highly trained athletes. Powers et al. studied the prevalence of EIAH using pulse oximetry in 68 males with varying fitness levels during incremental cycle exercise test. In their study, 52% of the highly trained subjects developed significant EIAH, whereas none of the untrained or moderately trained subjects demonstrated EIAH [4] . We found that EIAH occurred in all athletes consist of both cross-country skiers and alpine skiers. Anaerobic power is the best predictor of alpine skiing performance [21] . Traditionally, training programs for alpine skiers include anaerobic exercises such as resistance training, speed, change of direction and plyometric training [22, 23] . On the other hand, cross-country skiing performance relies heavily on the aerobic capacity [24] . Aerobic endurance training has always been the major component of training program in cross-country skiing [25, 26] . SaO 2 values were not significantly difference between in cross-country skiers and alpine skiers; this may have been due to fact that both groups consisted of the athletes trained regularly. Studies examining EIAH have primarily focused on endurance athletes. However, to our knowledge, there is no previous study examining the occurrence of EIAH in anaerobic trained athletes. Hence, our data represent a rather novel finding that could be of considerable importance for showing the occurrence of EIAH in sports with different physiological demands.
Pulse oximetry has been used extensively the literature to determine EIAH and was deemed a valid and reliable tool to monitor %SaO 2 continuously during exercise [27- . Previous research using pulse oximetry indicated that %SaO 2 values fall in the range between 84% and 93% [6, 8, 13, 30, 31] . Similar changes were observed in our study with the % SaO 2 decreased in the range between 85% and 92% during incremental exercise test. The %SaO 2 decreased by approximately 9% from rest in both groups. Likewise, Alis et al. have reported an 8.25% decrease in SaO 2 from rest during incremental treadmill exercise test [12] . Powers et al shown the difference % SaO 2 between resting and at the 100% VO 2max ranged from 4% in one subject to 16% in another [31] . On the other hand, it appear that the mean SaO 2 values in our study are lower than have been reported in some previous studies [14] [15] [16] [17] yet are similar to those from others [6, 8, 30, 31] . The degree of EIAH is affected the muscle mass engagement in the exercise and the exercise modality [16, 32] . Previous studies have shown a greater drop in the SaO 2 at both maximal and sub-maximal exercise during treadmill running compared with ergometer cycling [16, 33] . In the present study, we used incremental treadmill exercise while some studies used incremental exercise on cycle ergometers that have displayed higher [13] [14] [15] [16] [17] . Differences of exercise modality and protocol types used may help to explain the differences in SaO 2 measured. During the incremental exercise, EIAH begins to occur even in submaximal exercise in some subjects and usually peaks at or near maximal exercise intensity [3, 18, 31] . EIAH in many trained athletes may begin at moderate intensity workloads due to a widened alveolar-to-arterial oxygen difference and inadequate hyperventilation [2, 3, 18] . Athletes were considered to have developed EIAH when SaO 2 decreased by at least 4 % (ΔSaO 2 ≤ − 4 %) from the baseline values [2] . In this study, we followed the time course of SaO 2 from rest to intensities at exhaustion during the incremental treadmill exercise test. EIAH developed at the about 71 and 73 % of maximal exercise intensities for the cross-country skiers and alpine skiers, respectively, and SaO 2 decreased over time with increasing intensity. There were no difference in the exercise intensity of began to experience EIAH between two groups. The lowest % SaO 2 occurred at or near maximal exercise intensity in both group with no significant difference between cross-country skiers and alpine skiers. Similar to our findings, Powers et al. shown that SaO 2 begins to fall at exercise intensities above 70% VO 2max with the greatest decline occurring at intensities greater than 90% VO 2max [31] . Rice et al. indicated that EIAH occurred at approximately 40% VO 2peak , and inadequate hyperventilation is the most likely mechanism at low exercise intensities with a smaller contribution from ventilation-perfusion mismatch [18] .
Conclusions
The results of this study showed that EIAH may occur in endurance athletes with high aerobic capacity as well as anaerobic trained athletes. EIAH showed similar values between cross-country skiers and alpine skiers, which may have been due to both groups of athletes who trained regularly. These findings suggest that well-trained athletes who have different aerobic fitness levels may exhibit similar EIAH during the incremental maximal exercise.
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